i 



per 



WORLD Il^TELLECTUAL PROPERTY ORGANIZATION 
Imernational Bureau 




INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Qassification ^ : 
C12N 5/00, 5/02, 15/00 



Al 



(11) International PublicatioD Number: . WO 88/ 00967 
(43) International Publication Date: 1 1 February 1988 (1 1.02.88) 



(21) International Application Number: PCT/AU87/00248 

(22) International Filing Date: 4 August 1987 (04.08.87) 

(31) Priority Application Number: PH 7266 

(32) Priority Date: 4 August 1986 (04.08.86) 

(33) Priority Country: AU 



(71) Applicants (for all designated States except US): THE 

UNIVERSITY OF NEW SOUTH WALES [AU/AU]; 
221-227 Anzac Parade, Kensington, NSW 2033 (AU). 
GARVAN INSTITUTE OF MEDICAL RESEARCH 
[AU/AU]; 384 Victoria Street, Darlingliurst, NSW 
2010 (AU). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) :GRAY, Peter, Philip 
[AU/AU]; 74 Cameron Street, EdgecUff, NSW 2027 
(AU). LAZARUS, LesUe [AU/AU]; 5 Woodward 
Place, St Ives, NSW 2075 (AU). MARSDEN, War- 
wick, Lloyd [AU/AU]; 109 Alsion Road, Randwick, 
NSW 2031 (AU). 



(74) Agent: F. B. RICE & CO.; 28 A Montague Street, Bal- 
main, NSW 2041 (AU). 



(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), CH (European patent), DE (Euro- 
pean patent), FR (European patent), GB (European 
patent), IT (Europiean patent), JP, LU (European pa- 
tent), NL (European patent), S£ (European patent), 
US. 



Published 

With international search report 
With amended claims . 

Date of pnblicatioii of die amended daims: 

10 March 1988 (10.03.88) 



(54) Title: SERUM FREE TISSUE CULTURE MEDIUM CONTAINING POLYMERIC CELL-PROTECTIVE 
AGENT 



(57) Abstract 

An essentially serum-free tissue culture medium characterised in that it includes in solution a polymer which acts as 
ceil protective agent by reducing film drainage around cells. Preferred polymers are polyethylene glycol, polyvinyl pyroUi- 
done and polymers containing one or more alkylene oxide. This tissue culture medium is of particular use in the cultiva- 
tion of cells requiring attachment under aeration. Methods of cultivation of sudi cells are also claimed. 



FOR TBE PURPOSES OFINFORMdHON ONLY 



CodesusedtoidentifyStates party to tfaePCTon the frontpages ofpam^^^ 
cations under the PCI. 



AT Austria 

AU Austialia 

BB Baibados 

BE Belgiom. 

BG Bulgaria 

BJ Bema 

BR Brazil 

CF Centtal Afiican RepobUc 

CG Congo 

CH Switzeriand 

CM Cameiooa 

D£ Gennany, Fedexal Repnbiic of 

DK Demnaik 

H Haland 



JSL France 

GA Gabon 

GB United KingdoaL 

HU Htmgai7 

rr Italy 

JP Japan 

XF Democratic People's Republic 

of Korea 

KR Republic of Korea 

LI Liechtenstein 

LK Sd Lanka 

LU Luxembouig^ 

MC Monaco 

MG Madagascar 



ML 


MaU 


MR 


Maurituiia 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


RO 


Romania 


SD 


Sudan 


SE 


Sweden 


SN 


Senegal 


su 


Soviet Union 


TD 


Chad 


TG 


Togo 


US 


United States of America 



20 

WO 88/00967 PCT/AU87/00248 

AMENDED CLAIMS 
[received by the International Bureau on 29 January 1988 (29.01.88); 

onginal claims 1-24 replaced by new claims 1-21 (3 pages)] ^ 

1. A method of culturing mammalian cells which require 
attachment comprising the following steps: 

1. Culttiring the mammalian cells in a serum 
containing medium in a reaction vessel provided 
with a support medixim to which the cells will 
attach until the cells have attached thereto and 
grown to the desired cell concentration; 

2. Decanting the serum containing medium; 

3. Replacing the decanted medium with an 
essentially serum->free medium which includes in 
solution a non-toxic polymer which is capable of 
acting as a cell protective agent by reducing 
film drainage euround the cells and the support 
medium; and 

4» Aerating the culture. 
.2. A method as claimed in claim 1 in which the non-toxic 
polymer present in the serum-free medium is selected from 
the group comprising polyethylene glycol and polYvLnyl 
pyrollidone. 

3. A method as claimed in claim 1 in which the non-toxic 
polymer present in the serum- free medium is a polymer 
which contains one or more alkylene oxides, 

4. A method as claimed in^ claim 3 in which the alkylene 
oxide contains 2 or 3 carbon atoms. 

5. A method as claimed in claim 3 or claim 4 in which 
the polymer is a copolymer of propylene oxide and ethylene 
oxide. 

6. A method as claimed in any one of claims 3 to 5 in 
which the polymer of alkylene oxides is present in the 
medium in a concentration of 0.1 to 1.0% by weight. 

7. A method as claimed in claim 1 in which the reaction 
vessel is divided into a culture region and a cell-free 
region, the culture region being separated from the 
cell-free region by means of a filter through which 
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culture medium but not cells may pass, 

8. A method as claimed in Claim 7 in which the aeration 
of the culture is conducted by bubbling a gas into the 
cell-free region of the reaction vessel. 

9. A method as claimed in Claim 8 in which the aeration 
of the culture is achieved by aerating essentially 
serum-free medium free of cells in an aeration chamber 
remote from the reaction vessel, the aerated medium then 
being transferred into the reaction vessel. 

10 • A method as claimed in claim 9 in which the 
essentially serum-free medium free of cells which is 
subjected to aeration is, at least in part, medium taken 
from the cell-free region of the reaction tank. 

11. A method as claimed in any one of claims 1 to 7 in 
which the aeration is carried out by means of a gas lift 
present within the reaction vessel. 

12. A method as claimed in any one of claims 1 to 11 in 
which the mammalian cell is genetically engineered to 
contain DKA encoding a polypeptide, such that growth of 
the cells results in production of the polypeptide. 

13. A method as claimed in claim 12 in which the 
polypeptide is recovered and purified from culture medium 
taken from the cell-free region of the reaction vessel. 

14. A method as claimed in claim 12 or claim 13 in which 
the DNA coding for the polypeptide is under the control of 
an inducible promoter, the promoter being induced by a 
component of the essentially serum-free medium. 

15. A method as claimed in emy one of claims 12 to 14 in 
which the m^^ai ^an cells are a continuous cell line. 

16. A method as claimed in claim 15 in which the 
continuous cell line is Chinese hamster ovary cell line. 

17. A method as claimed in any one of claims 12 to 16 in 
which the polypeptide is human growth hormone. 

18. A method as claimed in any one of claims 1 to 17 in 
which the essentially serum- free medium is also 
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essentially protein- free* 

19. A method as claimed in any one of claims 1 to 18 in 
which the culture is agitated in a maimer such that shear 
forces generated are low. 

20. A method as claimed in any one of claims 12 to 19 in 
which the polypeptide is recovered from culture medium 
continuously removed from the reaction vessel, and fresh 
essentially serum-free medium is continuously added to the 
reaction vessel. 

21. A method of culturing a mammalian cell which require 
attachment substemtially as hereinbefore described with 
reference to Example 1 or 2. 

22. A method of culturing mammalian cells which require 
attachment comprising the following steps: 

1. culturing the mammalian cells in a serum 
containing medium in a reaction vessel provided 
with a support medium to which the cells will 
attach until the cells have attached thereto and 
grown to the desired cell concentration; 

2. decamting the serum containing meditua; 

3. replacing the decanted medium with an 
essentially serum- free medium; and 

4. aerating the culture in a manner such that the 
mammalian cells are not directly exposed to the 
aeration. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Intemaiional Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent ClassiHcation ^ : 
C12N 5/00, 5/02, 15/00 


Al 


(11) International Publication Number: WO 88/ 00967 
(43) International Publication Date: 1 1 February 1988 (1 1.02.88) 


(21) International Application Number: PCT/AU87/00248 

(22) International Filing Date: 4 August 1987 (04.08.87) 

(31) Priority Application Number: PH 7266 

(32) Priority Date: 4 August 1986 (04.08.86) 
<33) Priority Country: AU 

(71) Applicants (for all designated States except US): THE 

UNIVERSITY OF NEW SOUTH WALba [AU/AUJ; 
221-227 Anzac Parade, Kensington, NSW 2033 (AU). 
GARVAN INSTITUTE OF MEDICAL RESEARCH 
[AU/AU]; 384 Viaoria Street, Darlinghurst, NSW 
2010 (AU). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) . GRAY, Peter, Philip 
[AU/AU]; 74 Cameron Street, Edgecliff, NSW 2027 
(AU), LAZARUS, Leslie [AU/AU]; 5 Woodward 
Place, St Ives, NSW 2075 (AU). MARSDEN, War- 
wick, Lloyd [AU/AU]; 109 Alsion Road, Randwick, 
NSW 2031 (AU). 


(74) Agent: F. B. RICE & CO.; 28 A Montague Street, Bal- 
main, NSW 2041 (AU). 

(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), CH (European patent), DE (Euro- 
pean patent), FR (European patent), GB (European 
patent), IT (European patent), JP, LU (European pa- 
tent), NL (European patent), SE (European patent), 
US. 

Published 

With international search report. 
With amended claims. 



(54) Title: SERUM FREE TISSUE CULTURE MEDIUM CONTAINING POLYMERIC CELL^PROTECTIVE 
AGENT 



(57) Abstract 

An essentially serum-free tissue culture medium characterised in that it includes in solution a polymer which acts ds 
cell protective agent by reducing film drainage around cells. Preferred polymers are polyethylene glycol, polyvinyl pyrolli- 
done and polymers containing one or more aUcylene oxide. This tissue culture medium is of particular use in the cultiva- 
tion of cells requiring attachment under aeration. Methods of cultivation of such cells are also claimed. 



FOR THE FURFOSES OF INFORMATION ONLY 
Codes used to identigr States partf to the PCTonthe frontpages of pampUetspublishingintemationalappUr 



cations under the PCT. 










AT Austna 


IS 


France 


ML 


Mali 


AU Australia 


GA 


Gabon 


MR 


Mauritania 


BB Barbados 


GB 


United Kingdom 


MW 


Malawi 


BE Bel^mn 


HU 


Hungary 


NL 


Netherlands 


BG Bulgaiia 


rr 


Italy 


NO 


Norway 


BJ Benin 


JP 


Japan 


RO 


Romania 


BS Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF Centiai Afiican Republic 




of Korea 


SE 


Sweden 


CG Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH SwitzeiUnd 


U 


Liechtenstein 


SU 


Soviet Union 


CM Cameroon 


LK 


Sn Lanka 


TD 


Chad 


D£ Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DE Denmark 


MC 


Monaco 


US 


United States of America 


FI Holand 


MG 


Madagascar 







wo 88/00967 " ^ " PCT/AU87/00248 

SERUM FREE TISSUE CULTURE MEDIUM CONTAINING 
POLYMERIC CELL-PROTECTIVE AGENT 

The present invention relates to an improved culture 

medium for use in culturing mammalian cells requiring 

attachment^ under aeration. 

The present invention further relates to a method for 

5 producing polypeptides from mammalian cell lines into 

which ONA coding for the desired polypeptide has been 

inserted* 

Developments in recombinant DNA technology have made 
it possible to insert DNA coding for a desired polypeptide 

10 into the genome of continuous mammalian cell lines. These 
cell lines have certain advantages over the use of 
prokaryotic hosts such as E. coli . These advantages 
include the ability to secrete and glycosylate proteins ^ 
and the ability to process genetic material in an 

15 identical fashion to that occurring in cells in the body. 
To be weighed against these advantages is the fact that 
the use of recombinant mammalian cells for the production 
of proteins involves large scale tissue culture, mostly in 
antibiotic free medium. Tissue culture requires more 

20 precise environmental control and more rigorous design and 
operation of equipment to avoid contamination than does 
prokaryotic cell culture. A further disadvantage in the 
use of mammalian cells is that the medium used in the 
cultivation of these cells typically contains serum. The 

25 presence of serum greatly adds to the complexity of 
isolation and purification of the desired polypeptide 
product from the culture media. 

BACKGROUND ART 

It is possible to place cells used in tissue culture 
30 in two broad categories: (1) Those which grow free in 

suspension culture, such as hybridoma cells, and (2) those 
which grow attached to surfaces. The former cells can be 
grown in suspension culture providing consideration is 
taken of the fact that the cells do not possess cell walls 
35 and are hence sensitive to shear forces. Cells in the 
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second category require increased surface area of cell 
growth in order to scale-up production* Various devices 
have been described in the literature to provide this 
increased surface area^ including devices providing glass 
5 honeycomb surfaces, surfaces wrapped as sheets and glass 
spheres of several mm diameter. A full review of the 
various approaches described in the literature appears in 
the paper by Glacken et al (1983) (1). 

Another approach is to use smaller diameter spherical 

10 particles which can be constructed from a range of 

materials including cross linked dextran, polystyrene or 
glass. The advantage of these particles, sometimes 
referred to as microcarriers , is that it is possible to 
achieve very high surface areas per unit mass of beads 

15 (5000 cm2/gm) with particles with diameters of the order 
of 100«200 urn. An extension of this approach is the use 
of porous microcarriers which allow the cells to grow 
inside the beads as well as on the outer surface. Another 
possibility is to use even smaller diameter latex beads 

20 (of the order of 1 um diameter) to act as nucleation sites 
for the attachment of cells to these beads and to each 
other. Under certain conditions it may be possible to 
induce the cells to attach to each other to form 
agglomerates of cells or floes. Once cells are attached to 

25 either microcarriers or beads or floes, it is possible to 
grow the cells in suspension culture. Equipment for 
growing cells in suspension culture is in routine use and 
the use of this equipment avoids the problem of developing 
technology using different equipment such as membrane 

30 devices. One of the difficulties encountered, however, 
with cells grown on microcarriers is that at the cell 
densities achieved oxygen limitation may occur. While 
such a limitation may be overcome using known aeration 
techniques such aeration may cause the cells to be 

35 disassociated from the support medium, when the culture 



wo 88/00967 



- 3 - 



PCT/AU87/00248 



mediiun is serum- free. 

nTSCLQSURE OF THE INVENTION 

The present inventors have developed a novel tissue 
culture medium r which enables the aeration of cultures of 
5 cells attached to a support medium, without the consequent 
detachment of the cells in the absence of serum. In 
addition, the present inventors have developed novel 
methods for the cultivation of cells requiring attachment. 
In a first aspect the present invention consists in 

10 an essentially serum-free tissue culture medium 

characterized in that the culture medium includes in 
solution a polymer which acts as a cell protective agent 
by reducing film drainage around the cells. 

Without wishing to be bound by scientific theory it 

15 is believed that the polymer which acts as a cell 

protective agent prevents the disassociation of the cells 
from the support medium and lysis of the cells, when the 
cells are exposed to direct. aeration in the absence of 
serum, by forming a protective film around the 

20 cell/support agglomerate. It is believed that this 
protective film around the cell/support agglomerate 
prevents the film of culture medium which surrounds the 
cells from draining away when the cell/support agglomerate 
comes into contact with air bubbles. This draining of 

25 culture medium is referred to as film drainage. It is 
also believed that this film may provide a barrier which 
protects the cells from physical damage caused by the air 
bubbles • 

It is preferred that the polymer is non- ionic and low 
30 foaming. 

In a preferred embodiment of the present invention 
the polymer is either polyethylene glycol, polyvinyl 
pyrollidone or a polymer containing one or more alkylene 
oxides. It is preferred that the alkylene oxides contain 
35 two or three carbon atoms. It is particularly preferred 
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that the polymer is a copolymer of propylene oxide and 
ethylene oxide. 

In a further preferred embodiment of the present 
invention the polymer of alkylene oxides is present in a 
5 concentration of 0.1 to 1.0%. 

In another preferred embodiment of this present 
invention the tissue culture medium is essentially 
protein-f ree . 

In a second aspect,, the present invention consists in 
10 a method of culturing a mammalian cell which require 
attachment comprising the following steps: 

1 . Cultxiring the maimnalian cells in a seanim containing 
medium in a reaction vessel provided with a support 
medixun to which the cells will attach until the cells 

15 have attached thereto; 

2. Decanting the serum containing medium; 

3. Replacing the decanted medium with an essentially 
serum-free medium; and 

4 . Aerating the culture in a manner such that the 
20 mammalian cells are not directly exposed to the 

aeration, or directly aerating the culture containing 
the mammalian cells wherein when the aeration is 
direct the essentially ser\im-free medium includes in 
solution a polymer which acts as a cell protective 
25 agent by reducing film drainage around the cells. 

In a preferred embodiment of this aspect of the 
present invention the reaction vessel is divided into a 
culture region and a cell-free region by means of a filter 
through which culture medium but not cells can pass. 
30 Indirect aeration of the culture medium is carried 

out by bubbling gas into the essentially serum-free 
culture medium in an aeration chamber remote from the 
reaction vessel. The aerated medium is then transferred 
back into the reaction vessel. Alternatively, gas is 
35 bubbled into a cell-free region of the reaction vessel. 
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When the serum-frGe culture medium includes the 
polymer which acts as a cell protective agent by reducing 
film drainage around the cells and the aeration is direct^ 
it is preferred that aeration is conducted using an air 
5 lift positioned within the reaction vessel. 

In preferred embodiments of this aspect of the 
present invention the mammalian cells are a continuous 
cell line, particularly Chinese hamster ovary cell line, 
into which DNA coding for a desired polypeptide, 
10 particularly human growth hormone (hGH), has been inserted. 

Preferably the DNA coding the desired polypeptide is 
under the control of an inducible promoter, which is 
induced by a component of the essentially serum-free 
medium. Further, in a preferred embodiment the 
15 essentially serum-free meditim is essentially protein-free. 

The agitation of the culture may be achieved using an 
impeller such as an anchor type impeller at a rate at 
which shear forces generated are low. Obviously other 
impellpr configurations can be used providing the shear 
20 forces generated are low. 

In a further preferred embodiment the essentially 
serum-free medium is added continuously and the desired 
polypeptide recovered continuously. 

In order that the nature of the invention may be 
25 better understood preferred forms thereof are hereinafter 
described by way of example, with reference to the 
accompanying drawings, in which :- 

Figures 1, 2 and 3 are representations of reactor 
systems used in preferred embodiments of the invention 
30 illustrating various means of aerating the cultures. 

Figs. 1 and 2 show indirect aeration of the culture 
medium whilst Fig. 3 shows direct aeration using an air 
lift positioned within the reaction vessel. 
Example 1 

35 A Chinese hamster ovary (CHO) cell line was 
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transfected with DNA coding for human growth hormone 
linked to a strong regulatable promoter/enhancer 
sequence. Further details of the genetic construction are 
given in WO 86/04920. 
5 Cells were stored in liquid nitrogen ampoules, then 

reconstituted by growing in either Roux flasks or roller 
bottles. Cells were harvested using EDTA, washed in PBS 
and contacted with pretreated microcarriers . The 
microcarriers were either dextran based (Cytodex 1 and 2, 

10 Pharmacia or polystyrene based,. Biosilan, Nunc) . Seeding 
densities of 6-10 cells per carrier were found suitable 
and resulted in the cells attaching and growing with 
minimum lag and doubling times of approximately 18 hrs. 
The medium was a synthetic medium containing 5 or 10% 

15 PCS. To build up the number of cells needed to inoculate 
larger scale vessels, it was possible to add fresh 
microcarriers to populations of confluent microcarriers 
and colonisation of the fresh carriers would occur. The 
desired inoculum of microcarriers was transferred to the 

20 configuration of the fermentor shown in Fig. 1. 

Cells were grown in a seriim containing medium until 
the microcarriers were confluent. The growth media was 
then removed, the beads being retained in the reactor by 
the 100 micron stainless steel screen shown in Fig. 1. 

25 This screen, designated 10, divides the reaction vessel 
into a culture region 11 and cell-free region 12. The 
cells and beads were washed in 1 volume of phosphate 
buffered saline (PBS) and induction medium for hGH 
production added- This essentially serum- free medium 

30 consisted of: 

APPENDIX 1 

INORGANIC SALTS mg/l 

CaCla (anhyd.) 162.15 

CUSO4.5H2O 0.0013 

35 Fe(NO3)3.9H2 0 o.05 
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FeS04 . 7H2 0 

KCl 

KH2PO4 

HgCla (anhyd.) 
5 MgS04 (anhyd.) 
NaCl 
NaHCO] 

NaH2P04 (H2O} 

ZnS04 .THgO 
10 Na2HP04.7H2 0 

AMINO ACIDS 

L-Alanine 

L-Asparagine . He 0 

L-Arginine . HCl 
15 L-Aspartlc acid 

L-Cysteine HCI.H2O 

L-Cystine . 2HC1 

L-Glutamic acid 

L-6J,ut£unine 
20 Glycine 

L-histidine HCl.HjO 

L-Isoleucine 

L-Leucine 

L-Lysine HCl 
25 L-Methionine 

L-Phenylalanine 

L-Proline 

L-Serine 

L-Threonine 
30 L-Tryptophan 

L-Tyrosine (disodivun 

L-Valine 

VITAMINS 

Ascorbic acid 
35 Biotin 
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0.417 
352.5 
30.62 
23.33 ■ 
61.48 
6958.5 
1338 
62.5 
0.432 
125 

9.0 

15.0 
253.0 

13.0 

35.13 

31.29 

15.00 
438.0 

23.0 

42.0 

56.4 

65.6 
109.5 

19.5 

38.0 

35.0 

31.5 

59.4 

10.0 

salt) 59.83 
58.7 

7.5 

0.0037 



wo 88/00967 



8 



PCT/AU87/00248 



D-Ca pantothenate 2.119 

Choline chloride 8*98 

Folic acid 2.66 

i- Inositol 12.61 

5 Nicotinamide 2.02 

Pyridoxal HCl 2*03 

Riboflavin 0.22 

Thiamine HCl 2.169 

Vitamin ^ 0 • 68 

10 OTHER COMPONENTS 

D-61ucose 3151 

HEPES 3570 

Sodium pyruvate llO 

Hypoxanthine (disodium salt) 2.7 

15 Linoleic acid 0.045 

Putrecine 2HC1 0.081 

Thioctic acid (Lipoic) 0.103 

Thymidine 0.35 



Once, the desired level of hGH had been reached, 

20 continuous flow of fresh sterile medium was started, and 
product minus microceurriers retained by the stainless 
steel mesh removed at the same rate. With a cell count of 
5 X 10^ it was possible to maintain at dilution rate of 
.125 hr-^ with an hGH concentration of 60mg/l. The 

25 impeller shown was of the anchor type, obviously other 
configurations of impellor could be used providing the 
shear forces were low and did not create too much shear 
and lyse the cells. Shear generated is a function both of 
the design of impellor and rotational speed. In the 

30 configuration shown in Fig. 1, mass transfer of oxygen and 
CO^ has to occur across the surface of the culture. 
Thus it is possible to accurately, determine the 
interfacial area for mass transfer. Most mammalian cell 
lines have o^gen requirements of the order of O.I-l.O 

35 millimoles 0^/10^ cells/hr. This means that if 
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surface aeration alone is relied on for oxygen mass 
transfer, at a cell density of 10^ cells/ml^ oxygen 
limitation is likely to occur if the ratio of surface area 
for transfer to liquid volume is less than 0«15 cm''' • 
5 In order to maximise product concentrations and 

productivities of recombinant proteins it is necessary to 
operate at as high a concentration of cells as possible. 
In order to avoid oxygen limitation at higher cell 
densities it may be necessary to bubble a gas phase, 

10 oxygen enriched if necessary, into the vessel. In this 
instance the gas is bubbled into the collection region of 
the reaction vessel. Another solution is to separate the 
production and mass transfer functions. This is shown in 
Pig. 2. Cells are grown in reactor 1. Medium from this 

15 reactor, filtered to remove cells, is pumped into the 
aeration chamber 13 where COg is removed and oxygen 
transferred. to the medium. Oxygenated medium is then 
pumped back to the production vessel. The rate of 
.circulation of medium and relative volumes of the two 

20 reactors are functions of the cell concentration and the 
specific oxygen rates of the cells in reactor 1. It is 
possible to feed fresh sterile medium to the system and 
collect product on either a batch or continuous basis 
using the addition and removal point shown in Figure 2. 

25 For CHO cells at a density of 5 x 10* cells/ml it is 

necessary to circulate the medium at a rate which replaces 
the volume of reactor 1 to 7 times per hour. With a kla 
value in the second reactor of 40 hr" ^ , the oxygenation 
reactor may be as small as 1/10 the value of the 

30 production reactor. By incorporating a second compartment 
inside reactor 1, consisting of a mesh which excludes the 
beads and cells, it is possible to oxygenate the medium 
within the compartment which is then mixed back with the 
bulk medium by the mixing action within the reactor 

35 providing oxygenated medium to cells throughout the 
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reactor. In this example cells attached to microcarriers 
have been described. Obviously the system could be 
operated where the cells had been immobilised by other 
methods, such as floes, porous supports, micro 
5 encapsulation etc. 
Example 2 

This example makes use of the air lift principle, 
whereby a gas phase is used to promote low shear mixing as 
well as providing the gas phase for mass transfer. A gas 

10 phase is bubbled into the bottom of one section of the 
reactor, (the riser section), which is connected at the 
top of the reactor to the downcomer section. The 
introduction of the gas phase into the riser section 
lowers the density in this section, resulting in the 

15 de-aerated higher density culture in the downcomer 
displacing the lower density culture hence promoting 
gentle mixing in the reactor. It is possible to join the 
downcomer and riser sections in several reactor 
configurations. One configuration, having the riser as a 

20 concentric tiibe 14 inside a cylindrical reaction vessel 15 
is shown in Fig. 3. This configuration has been used 
previously for the growth of hybridoma cells. It has been 
shown that it is possible to use the configuration for 
growth and product formation by CHO cells attached to 

25 microcarriers with gas rates as low as 0.02 WH. The gas- 
phase used is basically air, which can be supplemented 
using the usual control methods with carbon dioxide or 
ammonia, to maintain culture pH. If necessary,, oxygen can 
also be added to the gas phase to maintain the desired 

30 level of dissolved oxygen without using excessively high 
gassing rates. At the low gassing rates used in this 
work, foaming problems are minimal; however if foaming 
occiirs in the initial stages, e.g. when the cells are 
growing on serum containing meditim, it is possible to 

35 control it with the metered addition (using a conductivity 
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sensor or tinted addition) of a silicone based antifoam 
e.g. antifoam C, or other antifoams if they do not 
interfere with cell growth or product formation. Once the 
growth stage has occurred and the microcarrier beads are 
5 confluent, the cells are washed in 1 volume of PBS, using 
a stainless steel mesh to maintain the microcarriers . The 
reactor is then filled with essentially serum-free medium 
containing a copolymer of propylene oxide and ethylene 
oxide (Pluriol PE 6800) for the production of hGH. This 
10 medivun consisted of the following: 
APPENDIX 2 
Appendix 2 

INORGANIC SALTS mg/l 

CaCl2 (anhyd.) 162.15 
15 CUS04.5H2 0 0.0013 

Fe(N03 )3 .9H2O 0.05 

PeS04.7H2 0 0.417 

KCl 352.5 

KH2PO4 ' 30.62 

20 MgClz (anhyd.) 23.33 

MgS04 (anhyd.) 61.48 

NaCl 6958.5 

NaHCOj 1338 

NaH2P04(H2 0) 62.5 
25 ZnS04.7H2 0 0.432 

Na2HP04.7H2 0 125 

AMINO ACIDS 

L-Alanine 9 . 0 

L- Aspar agine . H2 0 15.0 
30 L-Arginine.HCl 253.0 

L-Aspartic acid 13.0 

L-Cysteine HCl.HgO 35.13 

L-Cystine.2HCl 31.29 

L-Glutamic acid 15.00 
35 L-Glutamine 438.0 



WO88/009«7 

- 12 

Glycine 

L-hist:.ldine HCI.HsO 
L-Isoleucine 
L-Leucine 
5 L-Lysine HCl 
L-Methionine 
L-Fhenylalanine 
L-Proline 
L-Serlne 
10 L-Threonine 
L-Tryptophan 

L-Tyroslne (dlsodium salt) 
L-Valine 
VITAMINS 
15 Ascorbic acid 
Biotin 

D-Ca pantothenate 

Choline chloride 

Folic acid 
20 i-Inositol 

Nicotinamide 

Pyridoxal HCl 

Riboflavin 

Thiamine HCl 
25 Vitamin 2 

OTHER COMPONENTS 

D-61ucose 

HEPES 

Sodium pyruvate 
30 Hypoxanthine (dlsodium salt) 

Linoleic acid 

Putrecine 2IK:i 

Thioctic acid (Lipoic) 

Thymidine 
35 Pluriol PE 6800 
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23.0 
42.0 
56.4 
65.6 
109.5 
19.5 
38.0 
35.0 
31.5 
59.4 
10.0 
59.83 
58.7 

7.5 

0.0037 
2.119 
8.98 
2.66 
12.61 
2.02 
2.03 
0.22 
2 . 169 
0.68 

3151 

3570 
110 
2.7 
0.045 
0.081 
0 . 103 
0.35 

2000 
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With a cell concentration of 10^ cells/ml, it was 
possible to run the reactor in a continuous fashion and 
produce a product stream at a dilution rate of 0,15 hr* ^ 
and an hGH concentration of 80 mg/l. The reactor could 
5 also be ran in the fed batch or repeated batch mode, where 
part or all of the contents could be removed from the 
reactor via the stainless steel mesh, and fresh media 
replaced either in a batch or continuous fashion. Using 
this technique, it was possible to obtain product stream 

10 with hGH concentrations up to 250 mg/litre. 

In this example it is possible to btibble a gas 
directly in the culture medium as the medium contains the 
non- toxic, low- foaming, non- ionic compound Pluriol PE 
6800. This compound is obtained by the copolymerization 

15 of propylene oxide and ethylene oxide • The presence of 
this compound in the culture meditim enables aeration 
without causing the cells to disassociate from the support 
medium • 
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CLAIMS: 

1. An essentially seanim-free tissue culture meditim 
characterized in that the culture medium includes in 
solution a non^toxic polymer which acts as a cell 
protective agent by reducing film drainage around the 
cells. 

2. An essential serum- free tissue culture medium as 
claimed in claim 1 in which the polymer is either 
polyethylene glycol or polyvinyl pyrollidone. 

3. An essential serum-free tissue culture medium as 
claimed in claim 1 in which the polymer is a polymer which 
contains one or more all^lene oxides. 

4. An essentially serum- free tissue culture medium as 
claimed in claim 3 in which the alkylene oxides contain 2 
or 3 carbon atoms. 

5. An essentially serum- free tissue culture medium as 
claimed in claim 3 or claim 4 in which the polymer is a 
copolymer of propylene oxide and ethylene oxide. 

6. An essentially serum- free tissue culture medium as 
claimed in any one of claims 3 to 5 in which the polymer 
of alkylene oxides is present in a concentration of 0.1 to 
1.0%. 

7. An essentially serum- free tissue culture medium as 
claimed in any one of claims 1 to 6 in which the tissue 
culture medium is essentially protein- free. 

8. A method of culturing a mammalian cell which requires 
attachment comprising the following steps: 

1. Culturing the mammalian cells in a serum containing 
medium in a reaction vessel provided with a support 
medium to which the cells will attach until the 
cells have attached thereto; 

2. Decanting the serum containing medium; 

3 . Replacing the decanted medium with an essentially 
serum-free medium; and 

4. Aerating the culture in a manner such that the 
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manunalian cells are not directly exposed to the 
aeration, or directly aerating the culture 
containing the mammalian cells wherein when the 
aeration is direct the essentially serum-free 
medium is as claimed in any one of claims 1 to 7. 

9. A method as claimed in claim 8 in which the reaction 
vessel is divided into a culture region and a cell-free 
region, the culture region being separated from the 
cell-free region by means of a filter through which 
culture medium but not cells may pass. 

10. A method as claimed in claim 8 or claim 9 in which 
the aeration of the culture is conducted by bubbling a gas 
into the cell-free region of the reaction vessel. 

11. A method as claimed in claim 8 or claim 9 in which 
the aeration of the culture is achieved by aerating 
essentially serum-free medium free of cells in an aeration 
chamber remote from the reaction vessel, the aerated 
medium then being transferred into the reaction vessel. 

12. A method as claimed in claim 11 in which the 
essentially seriim-free medium free of cells which is 
subjected to aeration is, at least in part, medium taken 
from the cell-free region of the reaction tank. 

13. A method as claimed in claim 8 or claim 9 in which 
the aeration is carried by means of a lift present within 
the reaction vessel. 

14 . A method as claimed in any one of claims 8 to 13 in 
which the mammalian cell is genetically engineered to 
contain DNA encoding a polypeptide, such that growth of 
the cells results in production of the polypeptide. 

15. A method as claimed in claim 14 in which the 
polypeptide is recovered and purified from culture medium 
taken from the cell-free region of the reaction vessel. 

16. A method as claimed in claim 14 or claim 15 in which 
the DNA coding for the polypeptide is under the control of 
an inducible promoter, the promoter being induced by a 
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component of the essentially serum- free medium. 

17. A method as claimed in any one of claims 14 to 16 in 
which the mammalian cells are a continuous cell line. 

18. A method as claimed in claim 17 in which the 
continuous cell line is Chinese hamster ovary cell line. 

19. A method as claimed in any one of claims 14 to 18 in 
which the polypeptide is human growth hormone. 

20. A method as claimed in any one of claims 8 to 19 in 
which the essentially serum-free medium is also 
essentially protein- free. 

21. A method as claimed in any one of claims 8 to 20 in 
which the culture is agitated in a manner such that shear 
forces generated are low. 

22. A method as claimed in any one of claims 14 to 21 in 
which the polypeptide is recovered f TOm culture medium 
continuously removed from the reaction vessel^ and fresh 
essentially serum-free medium is continuously added to the 
reaction vessel. 

23. An essentially serum- free tissue culture medium 
substantially as' hereinbefore described with reference to 
Example 2. 

24. A method of culturing a mammalian cell which require 
attachment substantially as hereinbefore described with 
reference to Example 1 or 2. 
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AMENDED CLAIMS 
[received by the International Bureau on 29 January 1988 (29.01.88); 
original claims 1-24 replaced by new claims 1*22 (3 pages)] 

1. A method ot culturing mammalian cells vhlch require 
attachment comprifling the folloving stepei 

1. Cultoring the mammalian cells in a serum 
containing medium in a raactlon vessel provided 
with a support medium to vhich the cells will 
attach until the calla have attached thereto and 
grovn to the desired cell eoneentretlon; 

2. Decanting the serum containing medium; 

3. Replacing the decanted medium vith an 
essentially serum- free medium which includes in 
solution a non^toxie polymer which is capable of 
acting as a cell protective agent fay reducing 
film drainage around the cells and the support 
medium; and 

4. Aerating the culture. 

2. A method as claimed in claim 1 in which the non-toxic 
polymer present in the serum- free medium is selected from 
the gro^p comprising polyethylene glycol and polyvinyl 
pyr9.11idone» 

3. A method as claimed in claim 1 in which the non-toxic 
polymer present in the serum«{ree medium is a polymer 
which contains one or more alkylene oxides, 

4. A method as claimed in claim 3 in which the alkylene 
oxide contains 2 or 3 carbon atoms. 

5. A method as claimed in claim 3 or claim 4 in which 
the polymer is a copolymer of propylene oxide and ethylene 
oxide « 

6. A method as claimed in any one of claims 3 to 5 in 
which the polymer of alkylene oxides is present in the 
medium in a concentrsticn of 0. 1 to 1.01 by weight. 

7. A method as claimed in claim 1 in which the reaction 
vessel is divided into a culture region and a cell -free 
region, the culture region being separated from the 
cell^free region by means of a filter through which 
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gul'tura medium bu^ not cells may paas« 

8. A method a« claimed In Claim 7 in which the aeration 
of the culture Is conducted by ]>ubbling a gat into the 
cell- free region of the reaction vesMl . 

9. h method aa claimed in Claim 8 in which the aeration 
of the culture ia achieved by aerating eaaentially 
aerum-free meditim free of cells in an aeration chamber 
remote from the reaction vessel, the aerated madium then 
being transferred into the reaction vessel » 

10. k method as claimed in claim 9 in vhich the 
eaaentially aerum-free medium free of cells which is 
subjected to aeration is, at least in part, medium taken 
from the cell-free region of the reaction tank« 

11 • A method as claimed in any one of claims 1 to 7 in 
which the aeration is carried out by means of a gas lift 
present within the reaction vessel. 

12. A method aa claimed in any one of claims 1 to 11 in 
which the mammalian cell ia genetically engineered to 
contain DHA encoding a polypeptide^ such that growth of 
the cells results in production of the polypeptide. 
13 « A method as claimed in claim 12 in which the 
polypeptide ia recovered and purified from culture medium 
taken from the cell«free ragloa of the reaction vessel. 
14. A method as claimed in claim 12 or claim 13 in which 
the DNA coding for the polypeptide is under the control of 
an inducible promoter, the promoter being induced by a 
component of the easentially serun^free medium* 
IS* A method as claimed in any one of claims 12 to 14 in 
which the mammalian cells are a continuous cell line. 

16. A method as claimed in claim 15 in which the 
continuous cell line is Chinese hamster ovary cell line. 

17. A method as claimed in any one of claims 12 to 16 in 
which the polypeptide is human growth hormone. 

18. A method as claimed in any one of claims 1 to 17 in 
which the essentially serum-free medium is also 
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aasantially protein- free* 

19 • A method as claimad in any one of claims 1 to 18 In 
which the culture Lb agitated in a manner such that ehear 
£orcaa generated are lowi 

20. A method as claimed in any one of claims 12 to 19 in 
which ths polypeptide is recovered from culture medium 
continuously removed from the reaction vessel, and fresh 
essentially serum-free medium is continuously added to the 
reaction vessel. 

21* A method of culturing a mammalian cell which require 
attachment substantially as hereinbefore described with 
reference to Example 1 or 2. 

22. A method of culturing maiAmallan cells which require 
attachment comprising the following steps t 

1. culturing the mammalian cells in a serum 
containing medium in a reaction vessel provided 
with a support medium to which the colls will 
attach until the cells have attached thereto* and 
grown to the desired cell concentration y 

2. decanting the serum containing medium; 
3* replacing the decanted medium with an 

essentially aerum-free medium; and 
4. aerating the culture in a manner such that the 
mammalian cells are not directly exposed to the 
aeration. 
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